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ALUMINUM4 ALLOYS EVALUATED'

Recently reported are the results of an
evaluation of the thermal stability of three wrought- 90
aluminum alloys after long-time elevated-temperature 0-Clad 2024-T8I
exposure. (1) The alloys evaluated were the two -- -2020- T6
*1E oAmrican-mde materials clad 2024-T81 and 2020-T6 A-Clod RR 58

and onelritish-made material, clad RRS8. The RRS8o
alloy is equivalent to U. S. Alloy 2618, and, under
the material designation C001 , is used as the prin-
cipal material of construction in the Concorde 7supersonic transport. The evaluation included the a0
determination of the effect of exposures of up to
22,000 hours at 2S0 and 300 F on tensile and notched- .0 -0-*- -o

____tensile properties; crep tests for times up to A

G 18,000 hours at 250, 300, or 350 F; the determina- Is
tion o _*onsile and notched-tensile properties at E
-110, room temperature, 200, 250, 300, 350, and
=0 F; and the examination of microstructures after -0- -
exposure at 250 and 300 F for 22,000 hours. Some 0 5000 10000 15000 20000 25000
of the results reported in this program are indi- Fxposure Time at 250 F, hours
cated in Figures I and 2.

The conclusions drawn are that, in the 250 i
to 350 F rane, the properties of the given mater-
iWe change at rates characteristic of' each alloy. ___

The =st striking feature of both Figures I and 2 ,
is the relatively rapid decrease in property values -

by 2020-T6 at temperatures above 250 F. Alloy 2024- . 4
T81 appears superior to the other two alloys in a
creep strength at temperatures above about 275 F, * /I
and uperor in tnsle strength after 20000 hours' .C
exposure at 300 F.

A reent Soviet article indicates that an 1 Z F.

alloy equivalent to Alloy 2020 is used in construc-
ting the Soviet SST, the TU-144.(

2
) Although no

specific data are given, the article states that 50
the Soviet alloy is used in an averaged condition 0 5000 10000 6000 20000 28000
to avoid "eabrittlemnt" during service, with an Exposure Time at 300 F, hours
acceptance of a somewhat reduced original tensile
st~eh.

PWUTYFB D=EP-DIVNG ALUMINUM HULL TESTED FIGURE 1. 'EFFECT OF ELEVATED-TEMPERATURE EXPOSURE
The~~ ~ Naa ShpRsarhadON THE ROOM-TENPERATURE TfESILE PROPER-
TheNaal Ship Re and eve'opment TIES OF ALUMINU AL - S(F;-- _

Centerr ha fabriested and pressure tested two basis of strength. The outer skin is selected on
models, one 16.5 inehes, and the other 60 inches the bases of weldability and corrosion resistance.
in diameter, represe hulls capable of diving to
a depth of SO0 feet.t those hulls were designated The rings used in both prototypes were
composite hulls. In this design, a series of rings ring rolled and/or forged of Alloy 7079 and heat
or cylindrical segments, which carry the load of treated to the T6 temper in the smaller model and
coop. ssive forces, form an inner hull; a relatively T6S2 temper in the larger model. Skins were 5086-
this, weldable skin on the outside provides water- U2 for the smaller model and $456-H34 for the
tilltmsss. This design approach removes the cri- larger. M4odels were subjected to 5000 pressure
teria of weldability from the major load-bearing cycles and then tested to failure.
elsmits, and allows the choice of material on the

106&=WtT subject te special export controls and each transamt ItftI Or foreign nationals ay be mae onkly

Defense Metals Information Center Battelle Memorial Institute Columbus. Ohio 43201

-i M.



777

4" in~ IV EFECt OF SILVE AWIIO ON CSIGALYIm N- The effects of silver additions on two:j @M # ~ .. '' ~commrcibl amnu eting alloys were stijied at
I3 Rock Island Asnl( Teinniestiatioa was to-

Lif cused an current commercial alloys rather then em........... 020- T6 high-purity or prefiu.-quslity-type alloys. Prelil-
Snary studies of a numer of commercially available

A356. CSSS, 195, 403. and precedent 71 1.. to the~ I~/1VAU~i~iy lf ~ led 024further studies of the latter two alloys ad ceasi-I, tion variations of .a; .. IW- composition, of fcer
l~. . ~'~m4/~ ui T~lalloy. in this study are listed in Table 1, and thet

effects of silver additions are shown by the data,
in Table 2. Thus, in each of the alloys, the silverK addition was found to raise strengths by a signi-7 ficat increment.

Clad RR58 =851 1. maCAL OWIT0 OF AUUSA ' oc
Elenut Frowdmt 71A Proc"dmt 71A 401 d; t

IiiL LMfogom 0-67 1.25 5~ e

Toimperaotv, F chEL 0.** 0.4 0 .39 U.
FIGURE 2. STRESS M0 PRODUCE 0.1% CREEP STRAIN IN itio 0.15 -- 0.15 0.1s .Uv

1:0,000 HDURS C I" 0.60.7 #.1
silico 0.07 0.12 $.411"

The important conclusions of thi study were .0 .. 1
that the composite alumnum-huall design constituted Co. -0- .01 .01
an efficient structure, but identified the follow- Alom Igloo" - - m o..
ing problem areas:

(1) The design and construction of "pene-
trations",i.e., ports through the hull,
should be'improved in view of the =851 2. EFPICT OF SI ADemo. OF =WAS IRWIN OF inWMUW
fatigue crack'ng observed in the outer QU AST 1?555!
skin material.

(2) Welding of the outer skin was hampered S1w, Tilve "o. V1.14
by the necessity of not overheating AI1."S st"UrAt 551 96
the internal-hull rings enough to jlr1"e a & ecn
degrade their mechanical properties. Precedent ?IA* 0 41.2 34.2 9.5

0.3 500 43.6 .1(3) These tests (msde in oil) gave no indi- Mdiftod tr*O0.s 40.6 .
cation of the salt-water stress-cor- nAb) eL 3:$ S0.0 4.06
rosion behavior of the 7039 alloy 40()0 27.1 12.5 11
inner-hull material. Such an atUes- M * 0. 236 5.2 9.10
phere my be encountered in service. Highi hoity 40U9 0 26.4 19.9 15.2

0.3 40.4 53.3 10.5
HUG-STRENGMh CORROSION-RESISTANT TEMPER to) .Ap is bows 44 F.

OFALLOY 7075 (b) Aed 6 bows a $115.
C) AWd3bn t X0 .

A method of heat treatment said to produce
ahigh-strength end corrosion-resistant condition The modification 'of Precedent 71 alloy ludi-

in Alloy 7075 is claimed by an NASA Tech Brief cated here was one of a number studied in the pro-
originating at Tyco Labs. (4) The new heat treat- gram. all of which zat the criteria used by the
sent was described as follows: authors that the product of the zinc and wagaesiam

contents. Zn Y~ fg, a B.S. The change in the zinc-
1 hour at 900 P. quench in oil at 240 P mognesim balowce resulted In -n increased yield
24 hours at 250 P, air cool strength, relative to the umdiffied mooenmt 71 -'

Uip to 18 hours at 32S V. The addition of silver further increased both .tgt
and ductility. The work on Alloy 403 Included the

The tensile yield strengths of various teqier3 were effects of silver addition to both erdinanmd
given as 73 ksi for T6 teqier. 63 ksi for T73 tem- low-iron versions of the alloy. The silver adition.
per, and 73 ksi forthe new temze. .4o comparative increased the strengths of beth variations of the
corrosion data were given ini the tech brief, but alloy. The mathors recommnded the use of silver
the proposed heat treatment apparently produces additions in All-, 401 whenever increased yield-
corrosion resistance comparable to that of the T73 strengths wore desired.
temper, I.e., not susceptible to stress-corrosion
cracking.



Q4AAC1RISTICS OF WELDABLE ALLJHINWE-ZINC-MCGfESILEN

A sumary of studies of aluminum-zinc- A AL3.CAAT STCOFLUIIMZN-GLIMALYto

magnesium alloys by the British Welding Research / Csassiicatin Relative Strength NorWI Use Co,diti. Rm.-.
Association deals with alloy compositions, heat .n1ygd Msly4d

treatments, mechanical properties, corrosion resis- Het (210 -11- in Europe
tance, and the interrelationships of these factors Bisl.
during and after welding. (6) The aluminums-zinc- 2. ;4~gh (4 1/2-5%) Moderte Natu~rally &ld Use in tO
magnesium alloys are dis~ussed in terms of four Zinc torsi @ad

Loo (1-1-1/2%.) trasparent
groups as indicated in Table S. The spectrum ofMansuaplcto
mec'ianical properties possible from these various in~ Europe

alloys are indicated in Table 4 in terms of the 3. Medium (4'.)ZI.C Moderate Naturlly aged Includes

streugth achieved by natural (room temperature) Medlu (2)Ng .S AII'y

aging, and the maximum strength repoited, which is 4.Hg (4-5%.) Zinc High.ot Artificially aged Inlusdos
achieved by artificial aging. The reported studies High5 (2-1/2%-3'.) U. S. Alloy
identified specific metallurgical problems associated Magnesium 70"9

with the welding of the alzminu-zinc-magnesium

affected zone, and the susceptibility of the joint TABLE 4. TILEu STREcNGH OF AuIlAmINI-Ztuc-WANESie ALLOYSM
6

area to stress-corrosion cracking. The most ef-

ftiema'..fudfrrdcnhocrcigwsUO he achievement of proper magnesium contents in Tra Sip.ftt_0Emth 0~th, Elongaton.

the weld1. Filleor materials with magnesium contents peren

up to S percent are recommended for base materials 3.5 2.1 Naturally &a" 53. 31.3 16

containing-lus than 2.5 percent magnesium, whizle 3.$ M2. 1 32 60.7 S2.4

alloys containing more than 2.S percent magnesium 4.9 1.4 Naturally .pd SL.O -. 22

=ay serve as their own filler materials. In general, 5.0 1.2 212 48 67.2 51.S 10
the authors found that brittleness arises from both S.0 2.7 platura11, .g.d 50.8 31.3 23
high-hydrogen contents and any extreme degree of 1.0 2.7 212 16 73.0 65.4 8

segregation of an 3lement to grain boundaries. In- -300________________________
potant considerations mentioned by ;.he author in-
cluded: low-hydrogen-content materials should be percent magnesium. Although composition and heat-
used, base-metal material should possess the finest treating variations are still being explored, ten-
grain size practicable.-and high total zinc and sile properties of 65 ksi ultimate and 57 ksi yield
magnesium contents or additions of copper were con- strengths with 15 percent elongation have been re-
sidered to increase the liklihood of embrittlement. ported.
The authors offer hope that stress-corrosion crack-
ing may be controllable with the selection of proper Another jrogran at Frankford Arsenal is aimed
preweld and postweld heat treatments. at extending the prior findings of the beneficial

effects of fine dendrite-arm spacing on mechanical
A., a result of their studies, the authors properties of aluminum all.,ys. A prior investi-

propose two optimam weldable aluminuma-zinc-magnesium gation was confined to sections approximately 1/8-
alloy compositions: one for castings and one for inch thick. The current program, by the use of in-
wrought forum. The casting alloy composition was ternal chills and directional solidification, has
indicated as Al-32n-2H plus small amounts of zinc, achieved dendrite-ams spacings of less than 50
titxntum, and boron with pvxmww4:ies as follows: microns in sections as thick as 3-1/2 inches.

Ultimate Tensile A program at Frankford Arsenal is continuing
Tensile Yield Elonga- the development of the magnesium-yttrium alloys
Strength, Strength, tion, with the gcal of a strength-to-density ratio above

ksi ksi percent 1,000,000 inches. The principal avenixes of develop-

Naturally Aged 40 19 >12 snt are the creation of three-component, dispersion-
strengthened alloys and the utilization of thermo-

Fully Heat Treated 40 29 6 mechanical treatments.

noe wrought alloy proposed would have the composi- -EFERENCES

tion A1-3.7SZa-2.7SMg-0.0 or 0.3Cu-0.2Zr-0.3Mn-
0.2Cr-0.4max(Pe*Si). The option -,^ the c4#pei oi~- (1) Royster, D. N.. "Tensile Properties and Creep
tent allows the inclusion of copper where it may be Strength of Three Aluminum Alloys Extosed Up
desired for increased resistance to stress corrosion, to 2500 Hours at 200' to 4000F (37 0 to 480*K) ."

Where corrosion resistance could be achieved by- Report NASA 1N D-Si0w, Langley Research Center,
p heat treatment, the copper would be omitted to Langley Station, Hampton, Va. (January 1969).

redoe the risk of segregation and edbrittlement as
a result of welding. (2) Fridlyander, I. N., "New Light Engineering

(7) Alloys", Izvestiya Akademli Nauk, No. 8, 95-106
OTHER CURRENT PROGRAMS~ (1968).

Limited information has been received by (3) Isett, F. L, "Static and Cyclic Tests of Coin-
DKIC to indicate that the following programs are posite Aluminum Models", Final Research Rleport
in progress: 2648, Naval Ship Research and Development

A prgra at ranfordArsnal n "ighCenter, Washington, D. C. (April 1968).

Strength Aluminum Alloy Shaped Castings" concerns
alloys containing 4 to 7 percent zinc and 2.S to 4.S

-. L . - - ................ . . . . .



(4) Cocks, F. H., 'Improved Thermal Treatment of (6) Young, J. G., "WRA Experience in the Welding
Aluminum Alloy 7075", NASA Tech. Brief 68- of Aluminum-Zinc-Magnesium Alloys", Welding
10534, Tyco Laboratories, Inc., (December Research Supplement. Welding Journal, 47 (10).
) )lot, 4SIs-461s (October 1968).

C5) Miclot, R. B., .-- Effect of qmall Additijns

of Silver on the Mechanical Properties of (7) Unpublished information.

Aluminum Casting Alloys". Report 68-132o (MD
672757). Army Weapons Command, Rock Island,
Ill. (May 1968).

MIC Reviews of Recent Developments present brief sumNries of information which has become
available to DMIC in the peceding period (usually 3 months), in each of several categories. DM/C does
not intend that these reviews be made t part of the permanent technical literature. Copies of referenced
reports are not available from DMIC; most tan be obtained from the Defense Documentation Center, Cameron
Station, Alexandria, Virginia 22314.
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